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D e scription TITLE OF THE INVENTION 

DEVICE AND METHOD FOR CLUSTERING A PLURALITY OF USERS IN A MOBILE 

NETWORK 

CROSS REFERENCE TO RELATED APPLICATIONS 

r00011 This application is based on and hereby claims priority to PCT Application No. 
PCT/EP2004/051870 filed on August 20, 2004 and German Application 10339035.9 filed on 
August 25, 2003, the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The application relates to a method for clustering a plurality of users in a mobile 
network, wherein a specific profile containing data about the user is assigned to each user. The 
application additionally relates to a device for clustering a plurality of users in mobile networks. 
The application further relates to a corresponding computer program with program cod i ng code 
m e ans and a corresponding computer program product for clustering a plurality of users in a 
mobile network. 

[0003] The user can be, for example, a person equipped with a terminal such as a mobile 
telephone, pocket PC (PDA), tablet PC or similar, or can be a vehicle such as a rail-borne cabin- 
type vehicle. 

[0004] The profile assigned to each user contains data concerning said user. This can be 
personal and/or business data, address data, interests of a person or similar. A profile can also 
contain "want" data or "offer" data. "Want" data includes, for example, data regarding items or 
services requested by the user. Correspondingly, "offer" data is data concerning an item or 
service which the user is offering for sale, rent or loan. Profile data can also contain information 
as to which destination a user wishes to reach at what time and by which means of 
transportation. 

[0005] From the related wo^art, there are two known approaches for clustering a plurality of 
users, i.e. forming (virtual) groups of associated objects. 
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[0006] In "Clustering and Routing in Mobile Wireless Networks" by Geng Chen and Ivan 
Stojmenovic, Technical Report TR-9,9-05, School of Information Technology & Engineering, 
University of Ottawa, Canada, June 1999, there is described a method for clustering users in 
the mobile environment. According to this method, a group of mobile users, specifically 
terminals, is formed or clustered in respect of their geographical data or position. 

[0007] In the publication "An Analysis of Recent Work on Clustering Algorithms" by Daniel 
Fasulo, Technical Report UW-CSE-01 -03-02, Computer Sciences Department, Washington 
University, 26. April 1999, there is described a method whereby similar data records are picked 
out from a plethora of data. 

[0008] Both methods are incapable of clustering a plurality of users in a mobile ad hoc 
network if a specific profile containing data about the user is assigned to each user. 

[0009] WO 03/055149 A1 discloses a method for mobile ad hoc networks wherein mobile 
terminals are clustered as a function of attributes which the mobile terminals have in common. 
However, this method is insufficiently flexible for many applications. 

SUMMARY OF THE INVENTION 

[0010] Ifre -One possible object of the present invention is to specify a method which allows 
the flexible clustering of a plurality of users in a mobile ad hoc network, the users being 
clustered according to their specific profiles. 

Th i s obj e ct is ach ie v e d by th e m e thod, by th e d e v i c e and by th e comput e r program w i th 
program cod i ng m e ans and by th e comput e r program product for c l ust e ring a plural i ty of us e rs 
i n a mobi le n e twork, hav i ng th e f e atur e s s e t forth i n th e r ele vant i ndep e nd e nt c l a i m. 

fQQ42W001 1] I fi -The inventors propose a t fre-method accord i ng to th e i nvent i on for clustering a 
plurality of users in a mobile network, wherein a specific profile containing data about the user 
and at least one constraint is assigned to each user, it is provided that a direct data exchange 
takes place between at least two users, as soon as said users are in a specified communication 
zone, in order to find users with profiles of a specified content in the specified communication 
zone taking the constraints into account. 



2 



Michael BERGER et al. 
Docket No. 1454.1677 



r0013i r00121 A ccord i ng to th e i nv e nt i v e conc e pt. eEach user possesses a profile containing 
characteristics of said user. This profile constitutes the basis for subdividing (clustering) the 
users into groups (clusters), cluster members having similar profiles. 

fQQ44ir00131 The aim is therefore to seek out these similar profiles in a mobile ad hoc 
environment. This can be implemented, for example, by m e ans of by the distance function or 
generally with a function. 

fQQ45ir0014l The advantage of the method is that it operates on a completely decentralized 
basis, i.e. no central database is required. Communication between the users is therefore 
conducted without the interposition of a central switching entity. Communication between two 
users takes place locally, which means that only users within a particular communication radius 
are able to intercommunicate. 

fQQ46ir00151 In order to enable not merely a comparison by identicalness to be performed, the 
at least one constraint is taken into account as part of the analysis. This information can be 
acquired using a similarity function and processed, thereby considerably increasing the 
probability of a plurality of users with similar profiles being found within a user cluster. 

£0047^0016] The computer program with program cod i ng c ode m e ans is set up to carry out all 
the steps according to the i nv e nt i v e method when the program is run on a computer. 

fQQ4ffl00171 The computer program product with the program coding code means-stored on a 
machine-readable media is set up to carry out all the steps according to the i nv e ntiv e method 
when the program is run on a computer. 

[0018] The device and the computer program with program cod i ng code m e ans , set up to 
carry out all the steps according to the i nv e ntiv e method when the program is run on a 
computer, as well as the computer program product with program cedmg -code m e ans stored on 
a machine-readable media, set up to carry out all the steps according to the i nv e nt i ve method 
when the program is run on a computer, are particularly suitable for carrying out the method 
accord i ng to th e i nv e nt i on or one of its further developments explained below. 

Pr e f e rr e d furth e r d e v el opments of th e i nv e nt i on w i l l em e rg e from th e d e p e nd e nt c l a i ms. 
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[0019] The further developments described below relate both to the method and to the 
arrangement. 

Th e i nv e nt i on and th e furth e r d e v el opments d e scr i b e d b el ow can b e r e aliz e d both in softwar e 
and hardwar e , e .g. us i ng a sp e c i al el e ctr i c c i rcu i t. 

fQQ23ir00201 Moreover the i nv e nt i on or th e furth e r d e v e lopm e nts descr i b e d b el ow system can 
be realized by a computer readable storage medium on which is stored the computer program 
with program coding -code m eafis-which implements the method the i nvention or further 
d e v el opm e nt . 

fQQ24ir00211 The system inv e nt i on or e ach furth e r d e v el opm e nt d e scr i b e d b el ow can also be 
realized by a computer program product which has a storage medium on which is stored the 
computer program with program cod i ng code m e ans which implements the method i nv e nt i on or 
further d e v e lopm e nt . 

fOO25tr00221 The communication zone is defined in a further development of th e inv e nt i on by 
the formation of at least one user cluster having in each case an initiator user and a plurality of 
other users. This procedure is useful particularly when a very large number of users are to be 
clustered. The purpose of this procedure is to limit the number of conceivable communicating 
parties to a particular number. As the users intercommunicate directly, i.e. without going through 
a central switching entity, the locating of users with profiles of a specifiable content in the 
communication zone must also be performed by the users themselves. If there are too many 
users in the communication zone, the timing and computing complexity would possibly be too 
great. 

r0026i r00231 A ccord i ng to th e i nv e nt i on. t The user cluster has an extent which is equal to or 
greater than the communication range of an individual user. This means that the communication 
zone encompasses an area or a volume extending beyond the communication range of an 
individual user. 

fQQ27ir00241 According to an advantageous embodiment, a communication topology, i.e. the 
possible communication paths between the users within the specified communication zone, is 
formed at the instigation of the initiator user within each user cluster. Although an initiator user 
does not differ fundamentally from the other users in the user cluster, he is the only member of a 
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user cluster permitted to send the first communication within the user cluster. This procedure is 
useful in order to prevent the scenario of all the users beginning to initiate a communication 
between the users simultaneously and/or in an uncoordinated manner. 

fQQ28irO0251 A n initiator user can be selected on the basis of an active selection algorithm or 
on the basis of a passive determination method, the use of a passive determination method 
being the simpler procedure. Here each user is assigned an identification number (ID). The 
initiator user of a user cluster is, for example, the user having the highest ID within said user 
cluster. 

fOO2Wr00261 It has been found advantageous for the communication topology to be 
implemented as a tree structure, so-called "spanning tree", or as a ring structure. Other 
topologies are of course basically possible, the selection of a topology depending essentially on 
the degree of mobility of the users. An ad hoc network is basically modeled as an undirected 
graph. In this graph the users are represented by so-called nodes. A link exists between the 
nodes if the distance between two nodes is less than the communication radius of one of the 
users. Graph theory guarantees that a structure, e.g. a tree structure, exists for each graph. 

fQQ3Qir00271 It is advantageous if the communication path is via a specified maximum number 
of users in accordance with the specified communication topology. In this way it can be ensured 
that the communication zone resulting from the formation of at least one user cluster is limited in 
respect of its extent and therefore of its users. 

IQQ344rO0281 In a further advantageous embodiment of the method, each user is assigned to a 
single user cluster During the formation of the user clusters it is possible that individual users or 
a plurality of users would initially be assignable to a plurality of user clusters. The areas or 
volumes assumed by the user clusters may therefore overlap, in which case the users in 
question are located within the intersecting regions of these areas or volumes. Preferably each 
user decides autonomously to which user cluster he belongs. The decision as to which user 
cluster a user wishes to join could be made e.g. on the basis of his profile and the profiles of the 
adjacent users in particular user clusters. 

{QQ32irO0291 The user cluster is preferably redefined whenever another user not hitherto 
belonging to the user cluster is identified within the particular communication zone. In this way 
the user dynamics in an ad hoc network can be taken into account. 
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fQQ33ir00301 In order now to look for similar profiles, the search can be confined to the profiles 
of users within a particular user cluster. However, it should be noted at this point that the 
defining of the user clusters and the associated delimiting of a communication zone merely 
serves the purpose of reducing the computing workload of the relevant users. Provided the 
users have a sufficiently powerful computing unit, it is in some cases unnecessary to define a 
limited user cluster in respect of its number of users. 

fQQ34ir003n The checking of profiles of a specified content includes analyzing the profiles of 
at least two users for similarity or identicalness, the idea of local communication among the 
users becoming apparent. Profiles are not exchanged subject to the interposition of a switching 
entity which possibly also performs a comparison; instead, neighboring users or users adjacent 
in the communication path exchange their profile data and perform a comparison of this data in 
each case. 

fQQ35ir00321 A dvantageously, each user self-defines at least part of his profile and the at least 
one constraint. 

fQQ3€ir00331 The profile groups of the user within a cluster are then exchanged between the 
users for analysis. As already described, the data is exchanged directly between users. 

TOQ37ir00341 The data is preferably exchanged using the communication topology determined. 
The profile groups are analyzed, as already described, by each user The analysis itself is 
therefore a successive process, as data is also exchanged successively between users. 

£003§UOO35]_As soon as a user has detected similarity with another user, the user is informed 
of the other users with profiles of the specified content. This information can be displayed or 
audibly communicated, e.g. by m e ans of by a voice message, on a terminal. 

tQQ39ir00361 The device accord i ng to th e i nv e nt i on for clustering a plurality of users in mobile 
networks, each user being assigned a specific profile containing profile data, is designed such 
that an exchange of data between at least two users takes place as soon as said users are in a 
specified communication zone in order to find users with profiles of a specified content in said 
specified communication zone. The device according to th e invontion is ultimately a terminal 
such as a mobile telephone, a pocket PC, a portable computer or a means of transportation 
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such as an automobile, a cabin-type vehicle or a rail vehicle, which is capable of communicating 
peer-to-peer. 

fQQ4Qir00371 The device preferably has an interface for wireless data transfer, e.g. by m e ans 
efby Wireless LAN (WLAN) or Bluetooth. Each user has a computing unit for comparing his own 
profile or profile group with the profile or profile group of another user. The device is 
implemented in such a way that direct data interchange (peer-to-peer) between two users is 
possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] These and other objects and advantages of the present invention will become more 
apparent and more readily appreciated from the following description of the preferred 
embodiments, taken in conjunction with the accompanying drawings of which: 

Furth e r advantag e s, f e atur e s and d e tails of th e inv e nt i on w il l now be d e scr i b e d i n gr e at e r d e tai l 
w i th r e f e r e nc e to th e accompany i ng draw i ngs in wh i ch: 

Figure 1 shows a plurality of users and their assignment to a cluster, 

Figure 2 depicts the users in a graph and possible tree structure and 

Figure 3 schematically illustrates the method for clustering a plurality of users in a 
mobile ad hoc network. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

fQQ431f00391 Reference will now be made in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

£0044110040] Figure 1 schematically illustrates the method according to the one embodiment of 
the invention for clustering a plurality of users 1. All the users 1 are in a highly frequented 
location such as a sports stadium or marketplace. Each user has a terminal via which he can 
exchange and receive data. The terminal can be a mobile telephone, for example. In order to 
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facilitate the clustering of the plurality of users 1 , the totality of the users 1 is subdivided into so- 
called user clusters 4. Figure 1 shows a total of three clusters 4 (4a, 4b ( 4c). The clustering 
effectively serves to reduce - within a user cluster - the number of communicating parties. 

fQQ45ir00411 For this purpose, an initiator user 5 is first determined within each user cluster. 
The initiator user within a user cluster 4 is e.g. the user having the highest identification number 
(ID) within said user cluster 4. The initiator user 5 begins to set up a communication with the 
adjacent users 1 within the user cluster 4. 

fQQ461f00421 The initiator user is not absolutely necessary for implementing the method. This 
is useful particularly when clustering of a large number of users is initiated simultaneously. In the 
event that a cluster is formed by people successively entering (and also of course leaving) a 
communication zone, the initiator user is unnecessary. 

fQQ471f00431 Communication preferably takes place via a communication path or a 
communication topology. For this purpose a graph model is employed according to which 
communication between two users is possible if the distance between them is less than the 
communication range of a user. A typical graph with possible communication paths 8 and actual 
communication paths 7 is shown in Figure 2. The extent of a user cluster and therefore of the 
communication zone 3 is determined by defining the maximum number of users via which 
communication can take place. The higher this number, the farther the communication zones 3 
extend, i.e. the more potential users a cluster 4 can contain. 

fQQ48ir00441 Figure 1 now also shows that communication zones 3 may overlap. The 
intersecting regions of two communication zones are identified by the reference numeral 9. 
Users 1 may also come to be in an intersecting region 9 of this kind. They could therefore 
belong to the communication zones 3 defining the intersecting region 9. However, for the 
implementation of the method, it is necessary for each user 1 to belong to a single user cluster 
4. The decision as to which user cluster 4 a user 1 belongs shall be made autonomously by said 
user. This can take place, for example, on the basis of a comparison of his profile with the 
profiles of the adjacent users with which direct communication is possible. By m e ans of By this 
preselection, which is effected by m e ans of by direct communication between the users, those 
which are located in an intersecting region 9 can define membership of a user cluster. 
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f0049trOQ451 In order now to find users with similar profiles which are present e.g. in the form 
of functions, only the users 1 within a user cluster 4 continue to be considered. Figure 1 shows 
a total of three user clusters 4a, 4b, 4c. The process described below is therefore carried out 
within the now finally defined user clusters 4a, 4b, 4c. 

fOO5Wr00461 In order to find users with similar profiles, two steps are performed. In the first 
step, each user defines for himself which constraint or constraints must be taken into account in 
addition to his profile. In the second step, the profiles are exchanged between members of a 
user cluster 4. The profile of a user is therefore successively combined with profiles of the other 
users. This process is performed separately at each user or in each terminal of a user in order 
to ensure that all users have the same information at the end of this process. The result of the 
comparison can finally be audibly or visually communicated. 

fQQ54ir00471 The method according to th e inv e nt i on lends itself particularly to a scenario in 
which passengers in the public transportation system are to be clustered in respect of their 
destination. The public transportation system in built-up areas is bound by a fixed timetable and 
rigidly specified route network. This means that means of transportation such as buses travel 
over a generally unchangeable route at fixed times. In the latter case, the passenger has no 
possibility of influencing the departure times or the route of the means of transportation. 

fOOSar00481 Particularly in thinly populated areas or during the night, many transportation 
companies offer so-called dial-a-bus or dial-a-taxi services. To use them, the passenger must 
apply in good time (approximately 1 hour before departure) to a central office, e.g. a telephone 
exchange or a database connected to the Internet. 

fggS3H0049] However, this transportation on-demand system is not automatically possible at 
highly frequented locations such as a sports stadium. The method accord i ng to th e i nv e nt i on 
now enables passengers to be clustered according to their destination and travel time. This is 
made possible by the fact that each potential passenger is equipped with a mobile terminal such 
as a mobile telephone, a pocket PC or a mobile computer. This passenger/mobile terminal entity 
corresponds to the user mentioned at the outset. Each of the mobile terminals is provided with 
an interface (e.g. WLAN or Bluetooth) in order to allow direct communication with other 
terminals. 
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fQQ54ir00501 Figure 3 shows a plurality of such users 1, each equipped with a terminal 
containing a profile 2. In addition to data about the passenger, such as the passenger's place of 
residence, further entries about the passenger are present there which contain information 
about the passenger's travel pattern and preferred means of transportation. This information 
indicates, for example, when the person wishes to travel where and by which preferred means 
of transportation. 

fQQ55ir00511 A t highly frequented locations such as sports stadia, marketplaces or beer 
gardens, it is possible, using the mobile terminal, to cluster people on the basis of the profile 
stored on their terminal. In the present example, a cluster is characterized by the desire to use a 
common means of transportation at the same time and to approximately the same destination. 

fOO^f 00521 In Figure 3, for example, five clusters are formed of which the first cluster (top), 
containing a total of eight users 1, uses e.g. a large taxi at time X1 to travel to location Y1. 
Another cluster (second from top,) cons i sting o f having four users 1 , uses a taxi at time X2 to 
travel to location Y2. In a corresponding manner, further clusters whose users 1 share the same 
destination have found one another. 

f0057tr00531 A s the relevant clusters spontaneously find one another, there is no need for a 
fixed time schedule. This is possible due to the fact that the users' profiles contain information 
about the preferred departure time. After clustering, appropriate means of transportation are 
ordered depending on the size of the cluster. Stops can now be defined dynamically according 
to the passengers' wishes. 

fQQ58ir00541 The fact that different passengers are clustered together does not necessarily 
mean that they have identical destinations. As each user's terminal also contains, in addition to 
the user's exact profile, constraints which the user regards as similar (e.g. supplemental or 
limiting) to the user's basic profile, users or passengers having a similar destination, e.g. located 
along a route, will find themselves within a cluster. 

fQQ59ir00551 For example, the user can specify as a constraint that the user is prepared to 
make a detour of up to 10 km, that the user is prepared to defray extra costs of up to 15%, or 
that the user can accept an extra journey time of up to 20 minutes. These criteria are 
subsequently taken into account for clustering. 
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f006Wr00561 Introducing the above-described method has advantages both for the passenger 
and for the operator of the means of transportation. Because of profile-based determination, the 
passengers are transported more quickly and on a more demand-driven basis to their desired 
destination. Selective finding of clusters for the means of transportation additionally reduces the 
waiting time for the passengers of said means of transportation. Using the local communication 
interface incurs no additional costs for the user. On the part of the operators of the means of 
transportation, implementation of the above system makes savings possible. For example, the 
means of transportation can be sized according to demand, resulting in improved capacity 
utilization. On the other hand, operating costs such as fuel costs can be reduced through route 
optimization. Lastly, the means of transportation is ready more quickly for redeployment. 

fOOS44r00571 The method accord i ng to th e i nv e nt i on can likewise be used for clustering 
museum visitors for the purpose of an optimum composition of a group for a museum tour. In 
museums, castles or other cultural institutions, guided tours are offered in which a qualified 
person relates the background of the items on display. However, these explanations are not 
geared to a particular audience, or only to a limited extent. By m e ans of Bv the profile-based 
clustering of users, likewise represented by a person with a mobile terminal, it is possible to 
cluster museum visitors e.g. according to their interests and thus tailor guided tours more 
precisely to user requirements, thereby enabling the quality of the guided tours to be improved. 

fQQ62}r00581 The invention has been described in detail with particular reference to preferred 
embodiments thereof and examples, but it will be understood that variations and modifications 
can be effected within the spirit and scope of the invention covered by the claims which may 
include the phrase "at least one of A, B and C" as an alternative expression that means one or 
more of A, B and C may be used, contrary to the holding in Superauide v. DIRECTV, 
69 USPQ2d 1865 (Fed. Cir. 2004). 
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